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LHC& is one of the four major experiments at the Large Hadron Col- 
lider (LHC) at CERN. It is custom built to look for CP violation and 
New Physics in rare decays of heavy flavour hadrons, like the B and D 
systems. Rare decays that occur via loop diagrams provide a way to 
probe New Physics at energy scales much higher than can be probed by 
iy-) direct production in experiments. In this article, the LHC b prospects 

, J for such measurements with exclusive decays of the type B — > X s ^ and 

O B — > X s l + l~ are presented. 
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1 Introduction 



The transition of a b quark into an s quark is a flavour changing neutral current, and 
is forbidden at tree level in the Standard Model (SM). It can only proceed via loop 
diagrams, an example of which is shown in Fig. 1. Decays involving such transitions 
are excellent probes of beyond SM physics. 
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Figure 1: Feynman diagrams corresponding to Bd — » K*^ and Bd — > K*fi + fi~ . The 
diagram to the right is exclusive to Bd — > K*{i + fx~ while the one at the left and 
centre can represent a Bd — )■ K*j decay if the final state electroweak boson is an 
unconverted photon. 



The SM prediction of the inclusive rate B(B X s -f) = (3.15 ± 0.23) x 10" 4 and 
the experimental value (3.56 ± 0.26) x 10 -4 [TJ |2] are in good agreement, which can 
be used to put constraints on various NP models. An example of this is shown in Fig.2. 
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Figure 2: Exclusion regions in the (Ma, tan/3) 
plane for the Non Universal Higgs Model (NUHM) 
realisation of the Minimal Supersymmetric Stan- 
dard Model (MSSM), taken from [3]. The coloured 
contours show the 1 and 2 a allowed regions for the 
best fit value, indicated by the red cross. 
The various lines show the sensitivites of the 
observables BR(i3 s — > /x/x), BR(6 — > sj) and 
BR(B U tv) 



Similar agreement has been established between SM predictions and experimental 
measurements for the exclusive B — > X s 7 and the inclusive and exclusive B — > X s l + l~ 
branching ratios [U |5]. However, NP can show up in observables other than decay 
rates, such as polarizations of the final state particles and asymmetries in their angular 
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distributions. The polarization of the photon in B — » Xg'y decays and the angular 
distributions in B — > X s l + l~ are discussed in this article, in the context of the LHC6 
detector. 



2 Photon polarization 

The photon emitted in a b — > 57 transition is predominantly left handed due to the 
helicity structure of the weak interaction. There is a small right handed component 
due to the finite s quark mass, and the ratio of the right handed and left handed 
components, Ar/Al, is proportional to the ratio of the quark masses m s /mi,. In the 
SM, this ratio has been predicted to be about 0.4% while it can be enhanced by up 
to 10% in some NP models [6]. 

The polarization of the photon in b — > sj decays can be measured in several chan- 
nels [7], and at LHC6, analyses with B s — > <fi^ and B — > K*e + e~ have been developed 
to make this measurement Q In such decays, there is interference in mixing and decay. 
For example, a B S (B S ) decays predominantly to a left (right) handed photon, but can 
also decay to a right (left) handed one, although the latter final state is suppressed 
for &B~ S {B S ). 



2.1 B s -)> 07 at LHC6 

The photon polarization measurement can be made by looking at the time dependent 
decay rate of B — )■ fcpl decays, which can be expressed as 

Art Art 

r B (g)_^c-p 7 (t) = |A| e~ rt (cosh — — — A A sinh — — ± CcosAmt =1= 5sinAmt) (1) 
and the parameters S and A A can be expressed as 

A R A (B s -> f cv lR 

S ~ sin 2ib sino9 s , A ~ sin 2ib cos lo s and t&nib = — — = — 7 f (2) 

L AB s ^f cv lL) 



which contain tp, the parameter sensitive to the "wrong" photon polarization fraction. 
The parameter S has been measured at the B factories, from the time dependent de- 
cay rate of B d — > ^(KsTr )^. The current average is S = —0.19 ± 0.23 [S|. 
At LHC6, B s — > 07 will be used to measure the photon polarization parameters S 
and A A . The B s system has sensitivity to A A because of the large Ar s [8]. The 
resolution on A A is inversely proportional to the value of Ar s . 

The measurements of A A and S are very complementary as these parameters appear 



1 Here and later in this report, the K* from the B decay is reconstructed as K* — > Kir unless 
noted explicitly. 
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with the cosine and sine of <p s respectively, where 4> s is the B s mixing phase. If <p s 
is small, as the SM predicts, the measurement of A A will have better sensitivity on 
sm2ip. Conversely, sensitivity on sin 2ip will come from a measurement of S if <p s is 
enhanced by NP. 

The measurement of A A does not require flavour tagging, because the terms contain- 
ing S and C will cancel in the decay rates of B s and B s mesons. With a data set 
corresponding to 2fb _1 at LHC6, about 11000 reconstructed and selected B s — > (jyy 
events are expected, with a background to signal ratio (B/S) of < 0.55 [9]. The 
sensitivity on sin 2^ is expected to be ~ 0.2 for the tagged analysis and ~ 0.22 for 
the untagged one. The latter analysis is briefly described below. 



2.1.1 Measurement of A A 



For small values of A A , the decay rate (Eq. [IJ becomes T 



(t) 



|A|V 



where r^-^-y = T + AA ^ r . Therefore, the measurement of A A is actually a measure- 
ment of the difference in the B s proper time as measured in B s — > 07 and in some 
other channel. In order to make a precision measurement, any bias in the proper time 
reconstruction needs to be understood to a few precent of the B s proper time. 
From a MC signal sample, the bias in the 
B s proper time reconstruction is plotted 
as a function of the B s momentum, in 
Fig. [3j This bias is due to a bias in the 
B s momentum reconstruction, the error 
on which is dominated by the photon mo- 
mentum reconstruction. 
From toy MC studies, it is estimated that 
a bias of this magnitude can introduce a 
considerable shift in the measured value 
of A A , especially if Ar s is measured to 
be larger, enhancing the A A sensitivity. 
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Figure 3: Bias in the proper time reconstruc- 
tion, in fs, as a function of the B s momentum. 



This makes calorimeter calibration a cru- 
cial requirement of the analysis. The de- 
cay Bd — > i^*7, with an expected yield six times greater than that of B s — > (jyy, is a 
good control channel for making this calibration. 

Another important ingredient of this analysis is the efficiency to reconstruct a given 
proper time, or the proper time acceptance function. From MC studies, it has been 
established that this acceptance also needs to be determined to a few percent level, 
at long B s proper times. The decay B s — > 4>J /ip can be used as a control channel to 
extract the B s — > ^7 proper time acceptance function. 
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2.2 B d iTe+e" at LHCb 

In Bd —y fT*e + e™ decay, the photon polarization observable = — 2^ can be 
extracted from a fit to the angular distributions of the decay [TU]. At very low di 
electron invariant mass squared, q 2 , the e + e~ production is dominated by a virtual 
photon, and the measurement in Bd — y K*e + e~ is equivalent to the polarization 
measurement in B s —y (fry. The two key angles in B& — y K*e + e~ are the angle ((f)) 
between the decay planes of the electron pair and the K and tt from the K*, and the 
angle (Ok) between the K and the B^ flight direction, as shown in Fig. |4j 
From a data set of 2fb _1 , around 200 reconstructed and selected signal events are 
expected with a B/S ~ 1. The statistical sensitivity on the ratio of left and right 
amplitudes, Ar/Al, is estimated to be 0.12. From MC studies, it has been established 
that the analysis is robust against angular biases, and systematic uncertainties are 
expected to be small [TT] . 




Figure 4: Definition of the various angles in Figure 5: A FB as a function of q 2 , in the SM 
Bd —y K*e + e~ and some NP models 



3 Angular observables in Bd — > K*/j, + fi at LHC6 

The angular definitions of Fig. [4] hold for Bd — > K*fi + as well and its phenomenol- 
ogy is also very similar to Bd —y K*e + e~. However, the higher expected yield for 
the dimuon final state allows access to a variety of angular observables [12J. An in- 
teresting observable is the forward backward asymmtery (Apg), which is defined as 
the difference between the number of positive and negative leptons going in the same 
direction as the s quark, in the dilepton rest frame. Different NP scenarios predict 
different shapes of Afb as a function of q 2 , as shown in Fig. [H] [13] . 
The measurements of Afb by the B factories and CDF [13] are limited by statistics. 
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Nevertheless, there is an interesting hint of a deviation from the SM. Assuming that 
the Belle central value in the range 1 < q 2 < 6 holds, LHC6 can exclude the SM at 
5cr level with a data sample corresponding to 2fb _1 . 



3.1 LHCb detector performance 

The performance of the sub detectors which are relevant to the analyses of rare decays 
has been validated with the data collected in 2010. A preliminary example for the 
muon system is shown in Fig. [6] This shows the efficiency to positively identify a 
muon, as a function of its momentum. The efficiency in data has been measured by 
using the tag and probe method on muons from J/ijj decays and agrees very well with 
the MC prediction. 
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Figure 6: The efficiency to positively identify Figure 7: Angular distribution of D — > Knirir 
a muon, as a function of the muon momentum, from data, compared to the signal Monte carlo 
from data and Monte carlo prediction 



The measurement of angular variables in — > K* fi + pT requires good control of 
angular biases due to detector acceptance, and selection criteria. A four body final 
state such as D — > Kixixix can be used as a proxy to test the angular biases. Fig. [7] 
shows the angular distribution of D — > Kmnr from data and MC, which demonstrate 
excellent agreement between simulation and data. 



4 Conclusions and outlook 

This article presents an overview of the LHC6 measurements of the photon polar- 
ization in B s — > 07 and Bd — > K*e + e~ decays, and of the angular observables in 
B — > K*fi + fi~ decays. 

For the photon polarization measurement, at least 2fb _1 of data are required in or- 
der to improve on the current sensitivity on the A A parameter. With B — > K*fi + fi~~ 
decay, LHCb will be able to make the world's best measurement of Afb- Assuming 
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that the Belle central value of Afb i n the range 1 < q 2 < 6 holds, LHC6 can establish 
a discrepancy wrt the SM prediction at 5a level, with 2fb _1 of data. 
With the data collected in 2010, the performance of various subdetectors has been 
determined and shown to agree well with simulation. The selection criteria and ef- 
ficiency and angular bias predictions are also being validated using control channels 
and have shown promising results. The LHCb collaboration is looking forward to 
the start of data taking in 2011, during which the detector is foreseen to accumulate 
~lfb _1 of data, which will be followed by exciting results from these analyses. 
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